Introduction {#S0001}
============

Patients with mental disorders (MD) have increased rates of diabetes mellitus (DM) and cardiovascular diseases,[@CIT0001] resulting in higher mortality rates.[@CIT0002] These increased rates are related to the mental disorder itself, the effects of antipsychotics (AP) used in treatment, lifestyle behaviors, such as physical inactivity, and suboptimal sleep quality (SQY) and duration (SDN).[@CIT0003] Disturbed sleep was found in 30--80% of schizophrenia patients, manifesting as increased sleep latency and reduced sleep efficiency and total sleep time.[@CIT0004] Sleep difficulties are also frequently reported in psychiatric disorders like schizophrenia, depression, bipolar disorder and anxiety, where the sleep cycle of these patients is altered.[@CIT0005] Many patients with MD might also receive first generation (FGA) or second generation (SGA) AP which alter the sleep-wake cycle. FGAs significantly decrease sleep latency and increase sleep efficiency, while SGAs significantly increase total sleep time.[@CIT0006] As such, AP might improve sleep problems in mentally ill patients, but the increase in SDN can reach unhealthy limits that can affect patient functioning and productivity.[@CIT0007]

Sufficient SDN and SQY are essential for the regular functioning of hormonal and metabolic activities on a daily basis. Irregular SDN is known to be correlated with DM, obesity and cardiovascular diseases.[@CIT0008] Studies have also revealed that poor SQY, even when not accompanied by changes in SDN, is associated with an increase in body fat, body mass index (BMI), waist circumference, blood glucose, and insulin resistance.[@CIT0009] Some of these risk factors cluster together, resulting in the development of metabolic syndrome (MetS), which is known to increase the risk of cardiovascular disease and all-cause mortality.[@CIT0010] Recent studies have demonstrated a U-shaped association between SDN and MetS, where participants with both short and long SDN had a higher prevalence of MetS than participants with normal SDN (usually 7--8 h).[@CIT0011] However, other studies reported that only either short or long SDN was associated with MetS,[@CIT0012] and others established that only some components of MetS were related to short SDN (central obesity and hypertension), while other elements were associated with extended SDN (hyperglycemia and high triglyceride level).[@CIT0013] Thus, more studies are needed to further the understanding of the relationships between the sleep profile and various metabolic changes.

Moreover, despite the frequent sleep disturbances in patients with mental illness and the impact of AP on sleep and metabolic profiles, there are no studies that assessed these related components (MD, antipsychotic use, sleep problems, and metabolic changes) together. The primary objective of this project was to compare the sleep patterns among three groups: mentally ill patients maintained on AP for at least six months (MD+AP), another group of patients not taking AP for at least the last six months before enrollment (MD/noAP), and healthy controls (HC). We hypothesized that the group on AP would have the longest SDN and worst SQY. Our secondary objective was to study if the metabolic abnormalities are associated with long or short SDN after controlling for the other demographic and clinical factors. Our hypothesis was that obesity and intake of AP are associated with longer SDN.

Methods {#S0002}
=======

Participants {#S0002-S2001}
------------

The subjects were recruited to study the prevalence and incidence of MetS in patients receiving AP. The sample size was determined based on that objective and aimed for a 20% difference regarding MetS, a power of 90%, and a significance level of 5%. Please refer to the prevalence study for further details on methodology.[@CIT0014] The study was approved by the Institutional Review Boards of Weill Cornell Medicine-Qatar and Hamad Medical Corporation (HMC)-Qatar and was conducted between May 2013 and June 2015. Participants signed a written informed consent after receiving precise information about the procedures. Patients were recruited from the Department of Psychiatry in HMC. The control group was recruited from a primary health care center in Doha. Subjects were referred by their treatment teams, and approximately 40% of them agreed to participate. The research team did not interfere with the treatment plans of these subjects as they were followed up by their psychiatrists. The group that was off AP were mostly patients who were not compliant with their medications and were not taking any for at least the last six months.

The inclusion criteria for the MD+AP group were: (a) age between 18 and 65, (b) diagnosis of a mental disorder (except eating disorders), (c) being on AP for at least the last six months, and (d) absence of MetS. The exclusion criteria were: (a) receiving Lithium, Nortriptyline or Amitriptyline for the past three months (as these medications can cause weight gain) and (b) having current or past (last six months) substance abuse. The inclusion and exclusion criteria for the MD/noAP group were the same as above except that the patients should not have received any AP in the past six months. The inclusion criteria for the control group mandated the absence of a mental disorder and no intake of AP.

Measures and definitions {#S0002-S2002}
------------------------

The psychiatric diagnosis of patients was obtained from their medical charts, which relied on the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-TR) criteria. The control subjects were screened using the Mini International Neuropsychiatric Interview (MINI, version 6)[@CIT0015] to rule out any psychiatric disorder. Participants also answered a set of structured questionnaires that addressed the sociodemographics, medical and psychiatric history, and sleep patterns. The diagnoses and medication types were obtained from the medical records as recorded by the treatment team of each participant. The chlorpromazine equivalent AP dose was calculated for each AP using the method by Andreasen et al[@CIT0016]. Vital signs (heart rate and blood pressure) and anthropometric measures (height, weight and waist circumference) were obtained from all subjects. Four raters were trained to administer these questionnaires and measures identically to all participants. The MINI and questionnaires were administered in English and Arabic and were designed for the population in Qatar. The raters established good inter-rater reliability before administering the questionnaires to study subjects. Blood samples were taken within 1--2 days of obtaining informed consent, and subjects were asked to fast for 10--12 hrs before the blood draw. Blood tests (lipid profile, glycosylated hemoglobin, and fasting glucose) were carried out according to the standardized procedures of the laboratories of HMC. Consequently, the presence or absence of MetS was determined according to the International Diabetes Federation (IDF) worldwide criteria.[@CIT0017]

Sleep patterns were determined by a sleep questionnaire that is detailed in the [Table S1](#ST0001). A sleep score was devised based on this questionnaire. The score aimed to measure subjective SQY, sleep latency, SDN, sleep disturbances and daytime dysfunction. Calculation of component scores based on the questionnaire is illustrated in the [Table S2](#ST0002). Higher scores are indicative of a poorer quality of sleep. Total SDN was calculated by adding the number of hours slept at night and during day nap, and was divided into three groups: 1) \<7 h, 2) 7--8 h and 3) \>8 h. The 7--8 h category was defined as the reference category; short SDN was identified as \<7 h, and long SDN as \>8 h. This grouping was chosen based on population studies that assessed cardiometabolic risk and mortality in adults.[@CIT0018]

Statistical analysis {#S0002-S2003}
--------------------

All statistical analyses were performed using the IBM-SPSS version 24 (IBM Corp, Armonk, NY, 2015), with statistical significance set at 0.05. Continuous variables were presented as the mean ± standard deviation (SD) or median ± interquartile range (IQR), while frequency distributions were used for categorical variables. For the assessment of different characteristics across the subject groups, participants were divided into three groups: HC, MD+AP, and MD/noAP. To compare variables across groups, chi-square tests were used to analyze categorical variables, and one-way analysis of variance (ANOVA) to analyze continuous variables. The Kolmogorov-Smirnov test was used to assess normality. In this regard, Mann-Whitney was used. Similarly, subject characteristics were compared across the SDN subgroups (\<7 h, 7--8 h, and \>8 h). All analyses were done with Bonferroni corrections for multiple comparisons. To assess the factors that are contributing to differences in SDN in our sample, multinomial logistic regression (Stepwise Model) was done using the above nominal sleep grouping as the dependent measure and the significant and clinically relevant variables from the above analyses as the independent predictors.

Results {#S0003}
=======

Sample characteristics by illness and treatment groups ([Table 1](#T0001){ref-type="table"}) {#S0003-S2001}
--------------------------------------------------------------------------------------------

The mean age was not significantly different in the three groups, and most of the subjects were between 25 and 44 years old. The following sociodemographic variables showed significant differences between the three groups: gender (χ^2^=6.398, *p=*0.041), nationality (χ^2^=39.804, *p*\<0.001), marital status (χ^2^=32.223, *p*\<0.001), education (χ^2^=33.491, *p*\<0.001), and employment status (χ^2^=77.124, *p*\<0.001). Bonferroni-adjusted post hoc comparisons showed that there were no gender differences between the two patient groups, but there were significantly more males in MD/noAP group compared to HC. The number of Qataris was significantly higher in MD+AP, whereas that of South Asians was higher in the HC and MD/noAP groups. The majority of the subjects in the two patient groups were single, unemployed and mostly with intermediate schooling, while more subjects in the HC group were married and employed with a graduate degree ([Table 1](#T0001){ref-type="table"}).Table 1Sample characteristics by illness and treatment groupsHC (n=126)MD+AP (n=112)MD/noAP (n=101)Age (mean ± SD)35.05±8.1735.73±10.2834.16±8.93Gender n (%) Male72 (57.1%)73 (65.2%)74 (73.3%)\* Female54 (42.9%)‡39 (34.8%)27 (26.7%)Nationality n (%) Qatari22 (17.5%)52 (46.4%)\*‡20 (19.8%) Arab (non-Qatari)35 (27.8%)27 (24.1%)19 (18.8%) South Asian57 (45.2%)+24 (21.4%)43 (42.6%)+ Other12 (9.5%)9 (8.0%)19 (18.8%)Marital status n (%) Single35 (27.8%)57 (50.9%)\*44 (43.6%)\* Married90 (71.4%)^†^‡43 (38.4%)53 (52.5%) Divorced/Widowed1 (0.8%)12 (10.7%)\*4 (4.0%)Education n (%) None4 (3.2%)4 (3.6%)8 (8.0%) Elementary/Intermediate20 (16.0%)35 (31.5%)\*37 (37.0%)\* Secondary29 (23.2%)37 (33.3%)25 (25.0%) Vocational/College/Graduate72 (57.6%)^†^‡35 (31.5%)30 (30.0%)Employment n (%) Employed116 (94.3%)^†^‡47 (42.0%)73 (72.3%)^†^ Unemployed7 (5.7%)65 (58.0%)\*‡28 (27.7%)\*Smoker n (%) Yes27 (21.4%)58 (51.8%)\*47 (46.5%)\*BMI (kg/m^2^) (mean ± SD)27.66±5.24‡29.12±6.95‡24.56±5.29SBP (mm Hg) (mean ± SD)120.19±15.46127.92±13.56\*130.25±12.91\*DBP (mm Hg) (mean ± SD)74.77±12.3481.44±10.70\*82.25±11.35\*FBG (mmol/L) (mean ± SD)5.65±2.086.28±4.945.71±1.39HDL (mmol/L) (mean ± SD)1.22±0.441.22±0.321.27±0.50TGs (mmol/L) (mean ± SD)1.50±0.991.60±1.061.60±1.44Waist (cm) (mean ± SD)90.94±13.9197.24±14.09\*‡87.25±14.73Weight (kg) (mean ± SD)74.81±14.48‡81.22±18.91\*‡68.16±15.33MetS (IDF) n (%)36 (28.6%)40 (35.7%)22 (21.8%)[^1]

The smoking status (χ^2^=26.474, *p*\<0.001), systolic blood pressure (SBP) (F~2,336~=16.194, *p*\<0.001), diastolic blood pressure (DBP) (F~2,336~=14.899, *p*\<0.001), BMI (F~2,325~=15.799, *p*\<0.001), waist circumference (F~2,335~=13.742, *p*\<0.001), and weight (F~2,331~=16.542, *p*\<0.001) were significantly different between the three subject groups. Post hoc comparisons ([Table 1](#T0001){ref-type="table"}) showed that the two patient groups had more smokers and higher blood pressure than HC. The patients on AP had higher weight and waist circumference compared to the other two groups, but BMI was significantly the lowest in patients not taking AP, even when compared to the control group ([Table 1](#T0001){ref-type="table"}). The other variables (history of hypertension, cardiac disease, DM, fasting blood glucose, and cholesterol and triglyceride levels) were not significantly different between the three groups. The presence of MetS as per IDF criteria was the highest in MD+AP (35.7%) and the lowest in MD/noAP (21.8%). However, these differences did not reach statistical significance (χ^2^=5.027, *p*=0.081).

Psychiatric and medication profiles of the participants ([Table 2](#T0002){ref-type="table"}) {#S0003-S2002}
---------------------------------------------------------------------------------------------

The group MD/AP included more patients with bipolar disorder compared to MD/noAP. All the patients in MD/noAP had a history of mental illness for over a year but stopped medications for six months or more. Both the duration of illness and the number of hospitalizations were longer in the MD/AP group ([Table 2](#T0002){ref-type="table"}). The number of patients with a history of suicidal attempts was not significantly different between the two groups of patients. Few patients were receiving oral hypoglycemics or antihypertensives in the HC and MD/noAP groups, and thus comparisons were not warranted. In the MD+AP group, few patients were receiving selective serotonin reuptake inhibitors or valproate. The majority in this group was on SGA (mainly olanzapine and risperidone) ([Table 2](#T0002){ref-type="table"}). The types of AP prescribed were: FGA only (n=15, 13.40%), SGA only (n=72, 64.29%), two SGA (n=5, 4.45%) and a combination of FGA and SGA (n=20, 17.86%). Psychiatric measures like the duration of illness, the number of admissions, and history of suicide were not significantly different in the two patient groups.Table 2Psychiatric and medication profiles of patients' groupsMD+AP (n=112)MD/noAP (n=101)Psychiatric diagnosis, n (%) Schizophrenia spectrum46 (41.07%)49 (48.51%) Psychosis NOS3 (2.68%)12 (11.88%) Depression8 (7.14%)9 (8.91%) Bipolar45 (40.18%)‡19 (18.81%) Mood NOS3 (2.68%)7 (6.93%) OCD3 (2.68%)2 (1.98%) Personality4 (3.57%)3 (2.97%)Duration of illness (years) (Median ± IQR)10±11.50‡3±5Number of psychiatric hospitalizations (Median ± IQR)3±3‡1±1History of suicide attempts, n (%)26 (23.21%)18 (17.82%)Oral hypoglycemics (n)82Antihypertensives (n)32Antidepressants (n)124Sodium valproate (n)9-SGA (n) (CBZ equivalent AP dose) (Median ± IQR) Aripiprazole17 (364.25±0.00)- Paliperidone6 (401.33±517.24)- Risperidone36 (253.05±172.41)- Olanzapine43 (240.68±150.60)- Quetiapine12 (67.15±282.19)- Clozapine4 (80.08±109.25)-FGA (n) (CBZ equivalent AP dose) (Median ± IQR) Haloperidol15 (249.38±217.39)- Flupenthixol\*3- Zuclopenthixol\*2-[^2]

Sleep patterns by illness and treatment groups ([Table 3](#T0003){ref-type="table"}) {#S0003-S2003}
------------------------------------------------------------------------------------

The responses to the sleep questionnaire (SM1) are presented by subject groups in [Table 3](#T0003){ref-type="table"}. The factors related to the duration of sleep (F~2,336~=22.134, *p*\<0.001), early insomnia (χ^2^=7.802, *p*=0.020), and associated sleep problems (χ^2^=9.884, *p*=0.007) showed significant differences across the three groups. Post hoc analysis showed that the mean duration of sleep was significantly higher in the two patient groups compared to HC. The number of patients sleeping \>8 h was also significantly higher in the two patient groups, while more subjects in HC slept 7--8 h ([Table 3](#T0003){ref-type="table"}). The number of patients with early insomnia was significantly higher in MD/noAP compared to HC. More patients maintained on AP had sleeping problems compared to HC. There were no significant differences in the subject's rating of SQY, late insomnia or feeling sleepy during the day ([Table 3](#T0003){ref-type="table"}). The sleep score calculated as per SM2 was higher in the two patient groups (on and off AP) than the HC group. ANOVA test (F~2,319~=3.211, *p*=0.042) was marginally significant but the Bonferroni-corrected post hoc comparisons did not reach statistical significance ([Table 3](#T0003){ref-type="table"}).Table 3Sleeping patterns by illness and treatment groupsHC (n=126)MD+AP (n=112)MD/noAP (n=101)Total number of hours slept (mean ± SD)7.56±1.479.17±2.08\*8.63±2.15\*Groups of hours slept, n (%) 7--8h68 (54.0%)^†^‡35 (31.8%)34 (33.7%) \<7h30 (23.8%)^†^8 (7.3%)16 (15.8%) \>8h28 (22.2%)67 (60.9%)\*51 (50.5%)\*Difficulty falling asleep, n (%)20 (16.0%)31 (28.2%)31 (30.7%)\*Early wakeup,n (%)31 (24.8%)34 (30.9%)27 (27.3%)Difficulty falling back into sleep *n (%)*21 (16.7%)23 (21.1%)26 (26.3%)Tiredness/sleepiness, n (%)37 (29.6%)38 (34.9%)37 (36.6%)Problems during sleep, n (%)26 (21.3%)42 (38.5%)\*‡23 (23.2%)Participants' rating of sleep quality, n (%) 14 (3.2%)5 (4.5%)4 (4.0%) 26 (4.8%)8 (7.3%)8 (8.1%) 327 (21.4%)27 (24.5%)28 (28.3%) 446 (36.5%)35 (31.8%)23 (23.2%) 543 (34.1%)35 (31.8%)36 (36.4%)Sleep score (mean ± SD)2.70±2.203.41±2.073.29±2.53[^3]

Sample characteristics by sleep duration groups ([Table 4](#T0004){ref-type="table"}) {#S0003-S2004}
-------------------------------------------------------------------------------------

In order to analyze the associations between the psychiatric and metabolic measures with SDN, we compared the sample variables among the three SDN groups. Our results showed that nationality (χ^2^=24.273, *p*\<0.001) and employment status (χ^2^=29.157, *p*\<0.001) were significantly different ([Table 4](#T0004){ref-type="table"}). Post hoc comparisons showed that the number of Qataris in the group sleeping \>8h was higher than those in the other two groups. There were also significantly more unemployed people in the \>8h group when compared to the other two groups ([Table 4](#T0004){ref-type="table"}). The marital status or level of education in these SDN groups was not significantly different. The analysis of the clinical and metabolic measures across the three sleep groups showed that the following factors were significant: BMI (F~2,323~=4.393, *p*=0.013), waist circumference (F~2,333~=6.48, *p*=0.002), weight (F~2,329~=3.791, *p*=0.024), type of mental illness (χ^2^=41.738, *p*\<0.001), and type of AP (χ^2^=25.148, *p*\<0.001). Post hoc comparisons showed that the mean BMI, waist circumference, and weight were significantly higher in the \>8 h group compared to the other two groups. This group also had more subjects with psychotic or mood disorders compared to those sleeping 7--8 h or \<7 h, which in turn had more HC subjects. Other variables like a history of medical problems, smoking status, BP, HDL, blood glucose and triglycerides levels were not significantly different in the three sleep groups. The number of subjects who met the criteria for MetS as per IDF was higher in the subjects sleeping 7--8 h or \>8 h, but this increase did not reach statistical significance ([Table 4](#T0004){ref-type="table"}).Table 4Sample characteristics by sleep duration groups7--8 h (n=137)\<7 h (n=54)\>8 h (n=146)Age (mean ± SD)36.37±9.2933.06±8.8834.52±8.96Gender, n (%) Male96 (70.1%)36 (66.7%)85 (58.2%) Female41 (29.9%)18 (33.3%)61 (41.8%)Nationality, n (%) Qatari29 (21.2%)7 (13.0%)56 (38.4%)\*^†^ Arab (non-Qatari)34 (24.8%)16 (29.6%)31 (21.2%) South Asian63 (46.0%)‡22 (40.7%)39 (26.7%) Other11 (8.0%)9 (16.7%)20 (13.7%)Employment, n (%) Employed107 (79.3%)‡47 (88.7%)‡81 (55.5%) Unemployed28 (20.7%)6 (11.3%)65 (44.5%)\*^†^Smoker, n (%) Yes48 (35.0%)17 (31.5%)65 (44.5%)BMI (kg/m^2^) (mean ± SD)27.10±6.0225.17±4.4328.04±6.58^†^SBP (mm Hg) (mean ± SD)126.47±14.95123.41±15.69125.77±12.91DBP (mm Hg) (mean ± SD)80.03±12.6176.09±12.1079.50±11.32FBG (mmol/L) (mean ± SD)5.88±2.235.48±1.496.02±4.30HDL (mmol/L) (mean ± SD)1.24±0.511.23±0.331.23±0.37TGs (mmol/L) (mean ± SD)1.70±1.391.31±0.811.50±0.98Waist (cm) (mean ± SD)90.73±13.2686.34±12.4194.43±16.11^†^Weight (kg) (mean ± SD)74.14±16.4069.98±12.4377.21±18.46^†^MetS (IDF), n (%) Met43 (31.4%)10 (18.5%)44 (30.1%)Type of MD, n (%) None68 (49.6%)‡30 (55.6%)‡28 (19.2%) Psychotic disorders32 (23.4%)15 (27.8%)54 (37.0%)\* Mood disorders34 (24.8%)8 (14.8%)51 (34.9%)^†^ Others3 (2.2%)1 (1.9%)13 (8.9%)\*Type of Antipsychotics, n (%) None102 (74.5%)‡46 (85.2%)‡79 (54.1%) First generation4 (2.9%)3 (5.6%)8 (5.5%) Second generation26 (19.0%)4 (7.4%)46 (31.5%)\*^†^ Both5 (3.6%)1 (1.9%)13 (8.9%)[^4]

Multinomial logistic regression and sleep duration ([Table 5](#T0005){ref-type="table"}) {#S0003-S2005}
----------------------------------------------------------------------------------------

Using the variables that were significant (and clinically relevant) in the previous analyses, multinomial logistic regression was carried out to assess what factors are independent contributors to long or short SDN. The 7--8 h group was treated as the reference group against which short SDN (\<7 h) and long SDN (\>8 h) were compared. The predictors entered into the regression model were age, gender, nationality, subject group, smoking status, type of mental disorder, type of AP, BMI, weight, and waist circumference. The full regression model with all the predictors was significant (χ^2^=58.057, df=8, *p*\<0.001). This was ascertained by the goodness-of-fit test (χ^2^=624.471, df=628, *p*=0.532). The predictors that remained significant after controlling for the other variables in the \>8 h group were gender, subject group and waist circumference ([Table 5](#T0005){ref-type="table"}). For every 1 cm increase in waist circumference, there was a 1.9% increase in the odds of having longer SDN. Further, when compared to HC, patients in the MD+AP group had 4.282 times higher odds, and those in the MD/noAP group had 4.080 times higher odds of having longer SDN. As for gender, females were 2.119 times more prone to having longer SDN than males. No variables remained as significant predictors in the \<7 h group.Table 5Factors associated with longer sleep duration using multinomial logistic regressionOdds ratio95% Confidence interval*p*-valueLowerUpper\<7 hrsGender (Ref: Male)0.9340.9440.4511.934Subject group: MD/noAP (Ref: HC)0.9401.3190.4332.042Subject group: MD+AP (Ref: HC)0.5081.2300.1991.296Waist circumference (cm)0.9781.0040.9531.004\>8 hrsGender (Ref: Male)2.1191.2223.6740.008Subject group: MD/noAP (Ref: HC)4.0802.1117.8870.000Subject group: MD+AP (Ref: HC)4.2822.2638.1030.000Waist circumference (cm)1.0191.0011.0380.041[^5]

Discussion {#S0004}
==========

Our study compared the self-reported SDN and SQY and the measured MetS risk factors in patients maintained on AP, patients not taking their psychotropics, and non-psychiatry controls. We also examined the relationship between SDN and the clinical and metabolic profiles of participants. The results will be discussed below according to these objectives.

Regarding the first objective, the group maintained on AP were mostly Qataris and smokers. Both groups of patients showed longer SDN and increased number of subjects sleeping \>8 h than HC. More patients with insomnia were seen in the psychiatric group not taking AP, and higher frequency of associated sleep disorders was found in patients receiving AP ([Table 1](#T0001){ref-type="table"}). Persistent early insomnia and interrupted sleep have been described before in both medicated and non-medicated schizophrenia patients.[@CIT0019] Previous studies that compared sleep patterns in patients with schizophrenia had shown that in never-medicated or previously medicated patients, total SDN was reduced.[@CIT0006] These studies suggested that FGAs increase sleep efficiency while SGAs increase total sleep time.[@CIT0006] However, many of these studies did not have control groups and included only patients with schizophrenia. Studies on patients with mood disorders also showed more sleep problems,[@CIT0020] including difficulty remaining asleep, unsatisfactory SQY and abnormal SDN. SGAs, given to patients with unipolar[@CIT0021],[@CIT0022] or bipolar depression,[@CIT0023] and anxiety disorders,[@CIT0024] also demonstrated objective and subjective improvement in SQY. Our data also showed that the number of patients sleeping \<7 h and 7--8 h was significantly higher in HC and MD/noAP groups ([Table 3](#T0003){ref-type="table"}). The sleep score was higher in the patient groups (on or off AP), but this increase did not reach significance ([Table 2](#T0002){ref-type="table"}). Several studies confirmed our finding that sleep efficiency was reduced in patients with mental illness.[@CIT0006] When comparing scores on the Pittsburg Sleep Quality Index (PSQI), medicated schizophrenia patients showed a significant increase in these scores, signifying a poorer quality of sleep[@CIT0025] when compared to HC. We found only one study that assessed SQY in patients with various mental disorders and receiving adjunct AP. It concluded that sleep complaints persisted in patients receiving these AP, irrespective of the diagnosis.[@CIT0026] As such, evidence from previous studies supports our findings that the mental illness itself could be predisposing patients to poor sleep hygiene, and the effects of the AP are prolonging SDN but increasing the risk of having abnormal sleep patterns. It is worth adding that this is the first reported study concurrently comparing the sleep patterns in three groups: controls, medicated and non-medicated patients.

Regarding the second objective, our data showed that most of the patients sleeping regular hours (7--8 h) were from South Asia, employed, with no psychiatric illness and not taking AP. Most of the group sleeping \>8 h were Qataris, unemployed with mood or psychotic disorders, maintained on SGAs, and showed higher BMI, waist circumference, and weight compared to subjects sleeping \<7 h ([Table 3](#T0003){ref-type="table"}). We did not find studies that assessed SDN with the metabolic profiles of patients with mental illness and on AP. However, our results are in concurrence with Arora's community study, which found that long SDN was linked to a higher risk of metabolic changes, and that chances of elevated triglycerides and central obesity were significantly higher in long sleepers.[@CIT0027] Brocato et al also established that SDN \>8 h was associated with cardiometabolic risk factors, namely hypertension, hyperglycemia, and obesity.[@CIT0028] On the other hand, chronic sleep loss was also shown to be a risk factor for the development of weight gain and DM type 2.[@CIT0029] However, our results did not show higher blood glucose in the groups sleeping short or long hours (\<7 h or \>8 h), maybe because our control population (which mostly slept 7--8 h) also had high blood glucose levels and comparable MetS prevalence to those sleeping \>8 h. Further, the literature on the relationship between sleep and BMI is inconsistent. Some studies identified a negative correlation between SDN and BMI, where subjects with an increased BMI had shorter SDN;[@CIT0030],[@CIT0031] still, other studies found a U-shaped relationship between SDN and MetS.[@CIT0032] Many of the metabolic measures in our study were highest among patients maintained on AP, where the majority were sleeping \>8 h. However, these metabolic changes were not significantly different from the control group, suggesting an increased number of metabolic abnormalities in the general population in Qatar and explaining the lack of significant differences in the prevalence of MetS among the three groups. The high frequency of obesity, DM, and high BP was demonstrated before in the general population of Qatar.[@CIT0014],[@CIT0033]

The results of our regression analysis demonstrated that mentally ill patients had a higher likelihood of having more extended sleep hours than HC. The regression analysis of the factors independently and significantly associated with longer SDN were being female, having a psychiatric illness (on or off AP), and increased central obesity. Other studies also established that being a female was associated with longer SDN.[@CIT0034] For that matter, hormonal changes in women could likely be impacting their SDN and sleep patterns.[@CIT0035] Further, while research shows that insomnia is common in mentally ill patients, some studies established that specific categories of these patients (ex. bipolar depression patients) have increased SDN.[@CIT0005] Antipsychotic consumption might have also increased SDN in our patients, as those who were on AP were at a higher risk of hypersomnia than those who were not. Some studies implicated cytokines as the mediator for the effects of AP on sleep patterns.[@CIT0036] These changes in circadian rhythm were also linked to alterations in appetite hormones that could result in obesity, and the latter could further compromise sleep patterns.[@CIT0026],[@CIT0037] Other studies also revealed a positive association between longer SDN and waist circumference, specifically in women.[@CIT0038] Prospective consequences of a longer SDN include sleep fragmentation with poorer quality of sleep, daytime fatigue and a decreased ability to exercise,[@CIT0039] all of which contribute to a higher waist circumference.

Limitations {#S0004-S2001}
-----------

This study has few limitations that are worth mentioning as they can affect the generalizability of the results. First, most of the subjects in the patient groups were Qataris who were unemployed, as these are the most settled and most likely to seek treatment, whereas subjects in the control group were mostly working expatriates from South Asia. Thus, ethnicity, nationality, level of education, and work status could also have an impact on the duration of sleep in this study. Second, the heterogeneity of the sample that has multiple psychiatric diagnoses, different AP, intake of various psychotropics, and variable duration of illness and treatment, is a potential confounder to the generalizability of the findings to all mental disorders and all AP. Third, this is a cross-sectional study which limits inferential conclusions about causal relationships between sleep patterns, psychiatric illness, and metabolic abnormalities. Thus, more prospective studies that include specific mental disorders and controlled type of AP are needed to better understand these relationships. Fourth, the SDN used in our analyses was self-reported, and thus the reliability of these measures could be compromised, as actigraphy or polysomnographic recordings could have provided more accurate sleep measures. However, other studies have demonstrated similar results in psychiatric patients using objective and subjective sleep measures.[@CIT0039],[@CIT0040]

Conclusions {#S0005}
===========

Nonetheless, this is the first study to concurrently assess sleep and metabolic profile in medicated and non-medicated mentally ill patients and compare them to a control group. Our results showed that mental illness itself, regardless of treatment status, is associated with longer SDN, which is further aggravated by the use of AP. Besides, being a female and having central obesity are also significantly associated with longer SDN. Thus, psychiatrists should do more regular and detailed monitoring of sleep patterns in psychiatry patients, not only to improve the patients' mental health but also to prevent the development of metabolic changes.
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Table S1Sleep questionnaireQuestions1How many hours do you, on average, sleep per day?2Do you usually take naps during the day?3Approximately how long is your nap?4Do you often have difficulties falling asleep?5Do you wake up earlier than you want?6Do you often wake up after a short sleep and then have difficulty falling asleep again?7Do you often feel tired/ sleepy during the day?8Has anybody told you that you have any problems during sleep, like snoring, difficulty breathing, sleepwalking or others?9What kind of problems during sleep do you have?10How do you grade your sleep quality over the last six months? Table S2Calculation of sleep scoreComponentQuestionsResponsesSleep scoring1. Subjective sleep quality (C1)12. How would you rate the quality of your sleep over the last six months? 1= Poor, 5= Excellent14233241502. Sleep latency (C2)6. Do you often have difficulties falling asleep?Yes1No03. Sleep duration (C3)1. How many hours do you on average sleep per day?\
5. Approximately how long is your nap?Add number of hours slept at night and nap duration\<717--80\>814. Sleep disturbances (C4)7, 8 & 10\
7. Do you wake up earlier than you want?\
8. Do you often wake up after a short sleep and then have a difficulty falling asleep again?\
10. Has anybody told you that you have problems during sleep, like snoring, difficulty breathing, sleepwalking or others?Q7, Q8 & Q10:Yes1No0Sum of Q7, Q8 & Q10 scores:001122335. Daytime dysfunction (C5)9. Do you often feel tired/ sleepy during the day?Yes1No0Total Sleep Score = C1+C1+C3+C4+C5
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[^1]: **Notes:** \*Higher than the control group; ^†^higher than the MD+AP group; ‡higher than the MD/noAP group (*p*\<0 0.05).

    **Abbreviations:** HC, healthy controls; MD, mental disorder; AP, antipsychotics; SD, standard deviation; BMI, body mass index; SBP, systolic blood pressure; DSP, diastolic blood pressure; FBG, fasting blood glucose; HDL, high density lipoproteins; TG, triglycerides; MetS, metabolic syndrome; IDF, international diabetes federation.

[^2]: **Notes:** \*These AP were given as depot injection; ‡higher than the MD/noAP group (*p*\<0.05).

    **Abbreviations:** NOS, not otherwise specified; OCD, obsessive compulsive disorder; IQR, interquartile range; FGA, first generation antipsychotics; SGA, second generation antipsychotics; AP, antipsychotics.

[^3]: **Notes:** \*Higher than the control group; ^†^higher than the MD+AP group; ‡higher than the MD/noAP group (*p*\<0.05).

    **Abbreviations:** HC, healthy controls; MD, mental disorder; AP, antipsychotics; SD, standard deviation.

[^4]: **Note:** \*Higher than the 7--8 h; ^†^higher than the \<7 h group; ‡higher than the \>8h group (*p*\<0.05).

    **Abbreviations:** HC, healthy controls; MD, mental disorder; SD, standard deviation; BMI, body mass index; SBP, systolic blood pressure; DSP, diastolic blood pressure; FBG, fasting blood glucose; HDL, high density lipoproteins; TGs, triglycerides; MetS, metabolic syndrome; IDF, international diabetes federation.

[^5]: **Abbreviations:** Ref, reference group; MD, mental disorder; AP, antipsychotics; HC, healthy controls.
